
i 

'\ 

-119- 

Not For Publication 

American Chemical Society 
Boston, Massachusetts, Meeting, April 5-10, 1959 

Presented Before the  Division of Gas and Fuel Chemistry 

, Desulfurization of Low Temperature Char 
I - Rate and Total  Inh ib i t ion  Eata i n  Batch Systems 

J. D. Batchelor, C. W. Zielke and E. Gorin 

CONSOLIDATION C O G  COWATE 
Research and Development Division 

Library, Pennsylvania 

INTRODUCTION 

!Be desulfur izat ion of char with hydrogen and hydrogen steam 
mixtures') w a s  described i n  a previous publication. 
i n  a batch sys ten  and the ro le  of hydrogen su l f ide  i n  inh ib i t ing  t h e  ra te  
of the  desu l fur iza t ion  process was discussed. 

The data were obtained 

The char used i n  the earlier work was produced from a Pi t tsburgh 

These data are now extended t o  chars produced from 
Sean coal i n  t h e  Disco process, a c o m e r c i a l  ro ta ry  k i ln ,  low temperature 
carbonization process. 
a number of other  Pi t tsburgh Seam-coals i n  a f i f t y  ton per  day f lu id ized  
low temperature carbonization p i l o t  plant.  

Data were obtained both i n  very shallow beds where the r o l e  of 
hydrogen su l f ide  i n h i b i t i o n  i s  very small and also i n  deep batch beds where 
inh ib i t ion  of the  desulfur izat ion rate i s  qui te  large.  

It i s  w e l l  known from earlier work by Powell") and Huffs) that t h e  
resct ion of hydrogen sulfide-hydrogen mixtures vith carbonaceous materials 
i s  reversible.  
from the chars while a t  low r a t i o s  s u l f u r  i s  deposited on the chars. Powell2) 
showed t h a t  a charac te r i s t ic  isotherm could be developed f o r  mater ia ls  such 
as sugar char and coke by passing hydrogen very slowly over the material under 
invest igat ion and measuring the  hydrogen s u l f i d e  evolved. 

High r a t i o s  of hydrogen-hydrogen sulf ide,c2use s u l f u r  removal 

Powell2), however, showed that t h i s  was not  a t r u e  equilibrium 
process s ince the isotherms depended t o  some extent  on the prior thermal 
h is tory  and or ig in  of  t h e  carbonaceous material .  

We have developed s imi la r  isotherms by a d i f f e r e n t  technique than 
was used by Powell for t h e  low temperature chars used i n  this  investigation. 
These isotherms were developed under conditions of t i m e  and temperature similar 
t o  those t h a t  would b e  employed i n  an ac tua l  desulfur izat ion process. They, 
therefore,  represent  the hydrogen-hydrogen su l f ide  r a t i o  as a funct ion of the 
sulfur content of the  char which corresponds t o  complete i n h i b i t i o n  of t h e  
desulfur izat ion process. 



-120- 

These t o t a l  i n h i b i t i o n  isotherms provide a usefub tooh f o r  in -  
te rpre ta t ion  of t he  hydrogen su l f ide  inh ib i t ion  observed i n  the  present 
m r k  as w e l l  as same of our e a r l i e r p u b l i s h e d  data, They also provide a 
bas is  for estimation of the  minimUm hydrogen c i rcu la t ion  requirements i n  
possible  commercial processes. 

ExpERIME3?TAL 

Raw Materials 

The chars used in this mrk vere a l l  pmduced i n  C O n S O l i d a t i O n  
Coals f i f t y  ton p e r  day f lu id ized  low temperature carbonization p i l o t  plant  
at 900-950'F. 
Seam coals  from three d i f f e ren t  mines. 
mines of Consolidation Coal  Company and the  Alexander mine of the Valley champ 
Coal Company. The sulfur content of the  chars var ied over the  range of 1.3 to  
4.5 weight percent. 

The coals  from which the  chars were preDped were all Pittsburgh 
These were the &Wight and Montsur 10 

me analysis  of t he  feed chars i s  given i n  Table I. 

The invest igat ions were of th ree  types and were car r ied  out i n  
three d i f fe ren t  kinds of equipment -and by three  d i f fe ren t  procedures. 

Total Inhibi t ion Data 

The method used by Powell i n  determining the t o t a l  inh ib i t ion  
isotherms suffers f r o m  the major deficiency that there  i s  no assurance t h a t  
equilibrium was achieved. 

The data reported here were obtained by a more  standard equilibrium 
Chars of severa l  su l fu r  contents were contacted with E2S-H2 mixtures method. 

of severa l  concentrations. Each run was of su f f i c i en t  duration t o  ob ta in  a 
reasonable approach t o  equilibrlum. 

A s ingle  series of experiments w i t h  a constant gas composition 
caused sulfiding of the lover sulfur  chars and desulfur izat ion of the higher 
sulfur chars. The s u l f u r  content corresponding t o  t o t a l  inh ib i t ion  was thus 
bracketed by approaching it from both directions. 

The chars employed f o r  developing a p a r t i c u l a r  isotherm covered 
a range of sulfur values. 
standard nitrogen pre t rea ted  char  vith hydrogen. 
su l fur iza t ion  temperature were dways the  same as  that f o r  which the isotherm 
was  developed. 

They were prepared by desulfur izat ion of the 
The pretreatment and de- 

The equipment used i n  t h i s  s t u d y  is shown i n  Figure 1. 
was  a 22 mm I D  Vycor tube about 20" long with a standard taper  j o i n t  a t  the 
upper end f o r  t h e  take-off tube and themowell  assembly. 

The reactor  

A mixture of hydrogen sulfide and hydrogen was made up and s tored 
It was analyzed f o r  hydrogen su l f ide  by passing a i n  the gas mixture bomb. 

port ion of it after drying with anhydmne through a Nesbit b o t t l e  containing 
Ascarite and measuring t h e  volume of res idua l  h y b g e n  passed. The hydrogen 
su l f ide  content was obtained from the weight gain of the Ascarite. The 
analysis  was made before  and after a run and the  average used f o r  the c d c u -  
l a t ions  . 

A ten-gram char sample was used for an ac tua l  run. The Vycor 
reactor vas brought up t o  temperature vith nitrogen passing through t he  char 
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bed. 
af ter  t h e  temperature w a s  l i n e d  out. 
bed using a s u p e r f i c i a l  ve loc i ty  of 0.4 feet  per  second. 
the char was  continued generally f o r  a period of from 2-4 hours. 
char was analyzed f o r  t o t a l  and s u l f i d e  sulfur .  
;he char was then associated as near equilibrium with t h e  gas composition 
used. 

Total  su l fur  w a s  determined b 
s u l f u r  was determined by the e v o l u t i o n 4 ~  method. 

The ni t rogen w a s  replace& v l t h  the hydrogen s u l f i d e  - hydrogen mixture 
The reactor  was operated as a f lu id ized  

The residue 
The observed sulfur l eve l  of 

The treatment of 

t h e  Eschka4) method while su l f ide  

All the  da ta  obtained i n  runs of t h i s  type are not  reproduced. "he . 
data  from which the l j50°F isotherm i s  derived are given i n  Table 11. 

The isotherms at 1350°F developed from these d a t a  for the ArkWright 
and Alexander Mine chars a r e  shown i n  Figure 2 while 1100 and 1 6 0 0 ~ ~  isotherms 
for ArkWright char  are given i n  Figure j. 
distinguished by arrows point ing t o  t h e  l e f t  or r ight .  
designates t h e  lowest siiLfur value reached i n  a series of desulfur izat ion runs 
a t  the gas conrposition used, A right arrow s imi la r ly  designates t h e  highest 
sulfur value reached i n  a corresponding series of s u l f i d i n g  experiments. 

Deep Bed Runs 

, The procedure used i n  these runs w a s  imi la r  t o  t h a t  described i n  
our e a r l i e r  gasif icat ion5)  and desulfur izat ionl7 s tudies .  
was t i e  use of a 4-inch i n t e r n a l  dismeter pressure balanced reac tor  ins tead  
of the  l-1/2-inch diameter Uriiloy reac tor  described previou.siy5). 

The experimental po in ts  shown are 
The l e f t  arrow 

The main difference 

All  runs were made at  1600'~ and 6 atmospheres pressure using 35- 
100 mesh Arkmight I char. The NUS were made using a batch f l u i d  bed 
f lu id ized  with pure hydrogen a t  0.2 f t .  per  second. The char w a s  introduced 
i n t o  tile reactor  when the  l a t t e r  reached y50°F. 
nitrogen and preheated t o  1600'F. 
t i m e d  f o r  one hour after 1600'F was reached. 
t o  6 atmospheres and the hydrogen turned on. 

?"ne char was f lu id ized  i n  

The.reactor  was pressurized 
The pretreatment i n  nitrogen w a s  con- 

.J, s e r i e s  of 9 runs was made with hydrogen treatment times of 30, 
60 and 120 minutes and in i t i a l  bed weights of 430, 860 and 1720 grams. 

Tne loss i n  bed weight and i n  s u l f u r  due t o  the  ni t rogen pre t rea t -  
ment was determined by separate  experiments. 
pretreated ArKWright char  i s  given i n  Table I. 

The average ana lys i s  of t h e  

No analyses o ther  than proximate and ultidlate of bed residues were 
made i n  t h i s  s e r i e s  of runs. Some t y p i c a l  analyses of the bed residues a r e  
given i n  Table 111. 

The complete summary of run conditions and of t h e  s u l f u r  analyses 
of the  s o l i d  residues are given i n  Table IV. 

shallow Bed R u n s  

!The a i m  of  these runs was t o  obtain d i f f e r e n t i a l  data,  i .e . ,  the  
rate of  desulfur izat ion i n  pure hydrogen and i n  the absence of any s igni f icant  
concentration of hydrogen sulf ide.  
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m e  runs w e r e  made using a batch fluid bed. 
Uniloy reactor  system formerly employed was used i n  this work. 
was, bowever, contained i n  a s t a in l e s s  steel l i n e r  which was lifted.-out of 
t he  reac tor  a t  the  end of each run. 

The 1-1/2-inch diameter 
The char bed 

One important change i n  procedure was made. The i n i t i a l  p re t rea t -  
ment used previously f o r  one hour i n  nitrogen before desul-turization was 

temperature i n  a hydrogen atmosphere before admitt ing the  char. 
char sample was usual ly  used although all the work with the  iQexar!der char as  
wel l  as some with the  o ther  chars was made with a five-gram sample. 
char  s e l e  was charged, the  reactor  sealed and brought t o  f u l l  pressure and 
temperature as quickly a s  possible. 
minutes. 
f e e t  p e r  second for one hour aPter  full  pressure was  reached. B e  reactor  was 
quickly depressurized, purged with nitrogen and the bed residue removed cooled 
i n  ni t rogen and recovered f o r  weighing and analysis. 
were t h e  sulfur content of  the  bed residues. 

~ eliminated. This was accomplished by preheating the  reactor  to  desulfur izat ion 
A ten-gram 

*The weighed 

This process took between focr  to  ten 
The s m a l l  char bed was f lu id ized  with hydrogen a t  a ve loc i ty 'o f  0.4 

The only analyses made 

Three d i f f e r e n t  chars of widely d i f fe ren t  sulfur content whose 
analyses a re  given i n  Table I were used i n  t h i s  work. Each char was t rea ted  
at f i v e  d i f fe ren t  temperatures from 1000 t o  1 6 0 0 ~ ~  inclusive and a t  three 
pressures ,  i.e., 1, 3 and 6 atmospheres absolute. 

The t o t a l  hydrogen used i n  these runs per  lb. of char t rea ted  varied 
from about 140-280 SCF depending on whether a f ive  o r  ten-gram bed was used i n  
the  runs a t  1 atmosphere t o  about 600-1200 SCF i n  the six atmosphere runs. 
p a i r  of runs were made a t  1450OF and 16OO0F and 1 atmosphere where the  hydrogen 
rate w a s  increased by a f a c t o r  of three, i.e., from about 140 t o  400 SCF/lb. 
sulfur content of t he  residue a t  14W0F, i.e., 0.66 weight percent, was un- 
a f fec ted  by t h i s  increase  i n  hydrogen-char r a t i o  while a t  1 6 0 0 ' ~  a decrezse 
f r o m  0.72 t o  0.9 weight percent was noted. 
data approaches that which would be obtained i n  a true d i f f e ren t i a l  reEC-:or. 

A 

The 

It i s  clear ,  therefore, that :Le 

The sulfur l e v e l s  of the  treated chars a r e  presented g r q n x d . 2 ]  
i n  Figures 6, 7 and 8. 

In te rpre ta t ion  of Results 

Total Inhib i t ion  h t a  

The data of FLgures 2 and 3 show e pos i t ion  of the s d f i d e  plezeau 
i n  t h e  correct  place as reported by Po e l l a y a n d  is  i n  accord w i t h  the  equi- 
l ib r ium data o f  Alcock and Richardsoner. The plateau corresponds to  the equi- 
l ib r ium i n  the reduction of i ron  sulf ide,  i.e., 

FeS + H2 = &S + Fe 

The amount of organic su l fur  " ocked" below zhe sulfide plateau i s  
also i n  g e n e r a  agreement with Powel11s2i data f o r  coke. No dis t inc t ion  can  
be made Prom our data, however, between the  forms of organic s u l f u r  as d i s -  

, cussed by Powell, i.e., s o l i d  solut ion and adsorbed sulfur .  The compaxtson 
' between the  data f o r  Arkwright char and Alexander Mine char  given i n  figure 2 

shows tha t  i n  the  latter case the curve does not go through the origin. 
reason f o r  this i s  tha t  t h e  Alexander char contains about 8.25 weight percent 
of s u l f i d e  sulfur i n  the form of  calcium su l f ide  which is subs tan t ia l ly  ir- 
reducible. 

The 



-123- 

The t o t a l  i n h i b i t i o n  da ta  for the  organic s u l f u r  on a moisture and 

It is  seen that the inhib i t ion  
ash-free bas i s  f o r  Arkwright char i s  given i n  Figure 4. 
a lso  made with Powell’s data f o r  sugar char. 
of the  organic s u l f u r  removal l i k e  t h a t  of the s u l f i d e  su l fur  becomes more 
marked as the  te-mperature i s  lowered. Powell’s data f o r  sugar char is similar 
t o  thzt o f  t h e  coal  derived chars but  i s  far f r o m  ident ical .  
concluded t h a t  the t o t d  inh ib i t ion  isotherms are not universal b u t  depend 
on the nacure of the char. me Alexander Mine da ta  a l s o  show differences 
when ? lo t ted  on a moisture aad ash-free basis .  The removal of the  organic 
s u l f u r  froin t h i s  char appears t o  be more highly inh ib i ted  than removal from 
the  itrl.wrighht char. The da ta  are not p lo t ted ,  however, s ince t h e  ana ly t ica l  
data  d id  not provide i n  t h i s  case as clear a d i s t i n c t i o n  between the s u l f i d e  
ana or;anic sulfur .  

A comparison is 

It may thus b e  

Ikep Bed Pans 

Under conditions where the  rate of desulfur izat ion i s  rapid, the 
t o t a l  inh ib i t ion  i s o t h e r m  conservatively determine the amount of desulfur i -  
zaclon t h a t  can be achieved ra ther  than t h e  desu l fur iza t ion  k ine t ics .  The 
r e s u l t  i s  conservative s ince the total  i n h i b i t i o n  isothenns are representat ive 
f o r  chars t h a t  have received severdl hours of thermdl pretreatment a t  the 
temperature i n  question. 
suggests t h a t  the s u l f u r . i s  somewhat more l a b i l e  i n  the r a w  char. 

Powell’s data as w e l l  as some of our own experience 

Consider, f o r  examcle, desulfur izat ion i n  an isothermal batch 
fluidized bed. 
bed will be i n  e q u i l i j r i u n  w i t h  the  so l ids  i n  the bed a t  any instant. The 
equilibrium conditions may be developed mathematically in terms of the to ta l  
inh ib i t ion  isotherms by forcing a sulfur balance between the s u l f u r  i n  the 
gas and i n  the sol id .  By t h i s  procedure we f i n d  

I n  t h e  l i m i t i n g  t o t a l l y  inh ib i ted  case, the gas leaving the  

L 

The quant i t ies  involved i n  equations 1) and 2) are defined i n  the appendix. 
Equation 2 )  may be f u r t h e r  s implif ied i f  the devola t i l i za t ion  or loss i n  
weight of the char due t o  passage of hydrogen through the  bed can be neglected, 
i.e., o( = 0. I n  this case equation 2 )  reduces t o  - 
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Where one is in te res ted  o n l y  i n  r e l a t i v e l y  h i& s u l f u r  levels ,  i.e., 
above about 1.2-1.3 weight percent sulfur for the  A-kwright case it i s  a 
suf f ic ien t ly  good approximation t o  t r e a t  $( s)assa linear function, i.e., 

f(s)= 4 (s- s,. 4) 

Using equation 4 )  equat iols2)  and 3 )  reduce t o  the simplif ied equations j) a d  6) 
respect ively 

6) 

The above equations can be tused. to determine t h e  ‘‘&nun‘’ aaomt  
of desulfur izat ion that can be achieved i n  batch f lu id ized  beds. The f i r s t  
ra ther  remarkable result worth noting i s  t h e  ratder high degree of a e s a u r i -  
zation that was achieved i n  the batch desulfur izat ion of the feed char. P-e 
desulfur izat ion f r o m  1.96 t o  1.43 w e i g h t  percent sulfur was  accoql i shed  si~@y 
by devola t i l i za t ion  i n  a stream of nitrogen a t  1600’~. 
i n  a companion paper show that under these conditions t h e  j i e l d  of  devolat i l ized 
char i s  88.7 weight percent  of the  feed char while the a n o u t  of hyLro6e.- ~1 e.ioi:ed 
i s  about 2.6 S C F  p e r  pound of feed char, i.e., ’dased on the s-samp- 
t i o n  t h a t  all of the hydrogen was evolved a t  1600 ’~  and using equation j ) ,  one 
cdLculate8 that the sulfur content of the devola t i l i zed  char should b e  1.33 
weight percent as against the observed value of 1.43 weight percent. It is 
thus obvious that very c lose  t o  equilibrium conditions are m i n t a i r e d  during 
devola t i l i za t ion  of t h e  cha r  i n  s p i t e  of the very low average p a r t i a l  pressure 
of hydrogen. me extraordinary l a b i l i t y  of the  s u l f u r  i n  lox t e q e r a t u r e  char 
i s  thus emphasized. 

Results t o  be reported 

& =  16.2. 

The degree o f  desu l f i r iza t ion  obtained is also c lear ly  grea te r  t h a  
i s  achieved i n  the devola t i l i za t ion  of c o d  i n  a coke oven. The reason ?or 
this can be t raced again back t o  the t o t a l  i A i S i t i o n  isotherm. 
e f f e c t  obtained by batch desulfur izat ion i n  a fluiCized bed i s  now absent 
s ince the coke sees  on t h e  avemge a gas corresponCa& i n  sulfur content t o  
the  whole coke oven gas. 
with the d o l e  devola t i l i za t ion  product gas the sulflir content of the product 
char would r i s e  f r o m  1.43 t o  1.65 w e i g h t  percent. 

The s taging 

For exemple, i f  the  Arkwridt char were equi l ibr ia ted 

After the char  is devolat i l ized,  fur ther  w.?ight loss in  the hydrogen 
treatment i n  deep beds is ra ther  minor. 
Table IV. 

This i s  c l e a r  f r o m  the data given i n  
As a good approximation it is possible  t o  a s m e  <= 0 i n  
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es tab l i sh ing  &the equi1ibri.m desi l l fur izat iaz  cur-.res f o r  r?evolati l ized chzrs, 
It i s  also necessary t o  assume that the to ta l  i n h i b i t i o n  isotherms a r e  in- 
dependent of the pressure. l z l i s  a s s u p t i o n  seems reasonable b u t  has not 
been proven experimentally. 

Curves which are shown i n  Figure 5 have thus been developed by 
appl icat ion of equation 3 )  which show the minimum amount of hydrogen required 
f o r  desulfur izat ion of char  i n  batch f lu id ized  beds. Curves are shown f o r  
operation a t  both 1600°F and l j P 0 F .  

The experimental data from the deep bed runs are shown f o r  comparison. 
It i s  seen t h a t  for beds l a r g e r  than 430 grams the results are determined 
la rge ly  by equilibrium and not by k ine t ics .  This i s  t r u e  a t  least under the 
operating conditions used, i. e. 6 atmospheres pressure a t  , 1 6 0 0 ~ ~ .  

Sone of our p r i o r  published data using hydrogen-steam mixtures for  
char desulfur izat ion was t rea ted  i n  the  same way. A comparison of the s u l f u r  
values observed with those calculated on the above equilibrium b a s i s  is given 
i n  Table V. The same r e s u l t s  are apparent, i.e., at p a r t i a l  pressures of 
hydrogen above 1.5 atmospheres and f o r  beds l a r g e r  than 70 grams that the  
desulfur izat ion i s  equilibrium controlled.  
thus plays the  r o l e  of an i n e r t  d i luent  with respect  t o  desulfurization. 

The steam under these conditions 

. Shallow Bed Runs 

It i s  c l e a r  t h a t  f o r  shallow char beds,kinetics and not  equilibrium 
deternines the amount of desulfurization. Thus, from Figure 5, it i s  c l e a r  
t h a t  the  hydrogen t o  char r a t i o  used i n  our shallow bed runs, i.e., greater 
than 140 SCF per pound would be s u f f i c i e n t  t o  achieve very m c h  lower sulfur 
values than a r e  apparent f r o m  the results shown i n  Figure 6. 

All the  results v i t h  the  three  d i f f e r e n t  chars are p l o t t e d  on a 
percentage su l fur  elimination b a s i s  i n  Figure 9. 
su l fur  elimination achieved i n  shallow beds, i s  as a f irst  approximation, 
a fdnction only of t h e  conditions employed and independent of the s u l f u r  
content of the feed char. 

It i s  thus seen t h a t  the 

The s u l f u r  elimination shown is  t h e  perceEtage of t h e  total  sulfur 
i n  the  feed char t h a t  i s  re jec ted  and thus takes account of the measured w e i g h t  
loss of t h e  chars during the  desulfur izat ion treatment. 

The above cor re la t ion  i s  consis tent  Ki th  t h e  assumption that s u l f u r  
elimination i s  roughly a first order  react ion independent of the  s u l f u r  l e v e l  
of the  feed char, i.e., 

-& = RR2.S 
r;k 

Equation 7) i n  in tegra ted  form may be wr i t ten  

7) 

i 
\ 

1' 
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Where The data cannot be used t o  
obtain reli-able values of the  rate constant 4 and the  react ion order 4 
since only one t i m e  was  investigated. 
that the value of ais less than one, i.e., the react ion i s  l e s s  than 
first order with respect  t o  hydrogen pressure.' 

i s  t h e  f r a c t i o n  s u l f u r  eliminated. 

It i s  c l e a r  from the data, however, 

APPENDIX 

Defini t ion of Mathematical Terms 

& = 

s = Final Sulfur  Content of Char. 

I n i t i d  Total  Sulfur  Content of Char Weight Percent. 

&*= Intercept  for Linear Approximation f(s) = 4 p- 4,) 
np= Total Mols Hydrogen Sulf ide i n  Gas x 100 Per Lb. Char Fed. 

Hw = Mols mdrogen Passed Per Lb. Char. 

o(, = Lbs. of Char Devolati l ized Per Mol of Hydrogen Passed. 

$($) = Total I n h i b i t i o n  Isotherm, i.e, Sulfur  Content of Char Versus & 
Ltcr 
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H 

C 

B 

0 

S 

Ash 

Sulf ide S 

Table I 

ANALYSIS OF FED CBARS (DRY BASIS) 

ArkWright I=) 

Raw ~ r e t r e a t e a ~ )  

2.99 0.68 

77.69 84.70 

I. 74 1.27 

4.93 0.68 

1.96 1.43 

10.69 n.24 

0.13 0-39 

Raw 
Arlrvright 112) 

3-22, 

78-29 

1.72 

5.01 

2.33 
. .' 
9.23 

'0.39 
-, 

1) Feed char to deep bed desulfur izat ion runs. 

Raw. 
Montos IO 

3.34 

80.46 

1.79 

6.56 

1.33 

6.52 

- 

Paw 
Alexander Mine 

3.25 

70.46 

1.25 

5.89 

4.51 

14.64 

- 

2 )  

3) Pretreated a t  1 6 0 0 ~ ~  fo r  one hour in nitrogen. - 

Feed char t o  shallow bed and total. inh ib i t ion  experiments. 



Run 
No. - 
74 

75 
86 
73 

79 
70 

68 
69 
7a 

67 
n 
77 

66 
72 
76 

85 

Gas. Conp. 
( 5  H2S i n  
R2) 

0. ll 

0.15 
0.17 
0.20 

0.26 
0.27 

0.53 

0.53 
0.54 

1.06 
1.05 
1.03 

2.05 
2.07 
2.07 

3.04 

Table I1 

TABULATED DATA FOR CHAR-HpS W A C T I O N  AT 1350°F 

JUI. feeds vere produced a t  1 3 5 0 ~ ~  f r o m  Arkwight Char 11 

All runs made w i t h  10 gma of char; gas r a t e  was 1.2 SCFH 

$ Sulfur i n  Feed Char 

Organic 
MAP 

0.33 

0.33 
1-33 
0*33 

0.55 
1-33 

0.33 
1-33 
1.84 

0.33 
1-33 
1.84 

0.33 
1-33 
1.84 

1.84 

Sulf ide 
Dry 

0.07 

0.07 

0.07 

0.19 
0.13 

0.07 
0.13 
0.31 

0.07 
0.13 
0.31 

0.07 
' 0.13 
0.31 

0.31 

0.13 

%tal 
Dry 

0.37 

0.37 
1.31 
0-37 

0.68 
1.31 

0.37 
1.31 
1.96 

0.37 
1.31 
1.96 

0.37 
1.31 
1.96 

1.96 

$J Sulfur i n  Residue Char 

Organic 
MAF 

0.36 

0.52 
' 0.91 
0.70 

1.06 

1.04 
1.18 
0.9 

1.20 
1.43 
1.28 

1.69 
1.70' 

0.72 

1-58 
1.90 

Sulf ide 
D N  

0.07 

0.40 
0.35 
0.32 

0.46 
0.29 

0.40 
0.37 
00% 

0.33 
0.35 
0.40 

0.34 
0.24 
0.41 

0.33 

%tal 
2 5 L  

0.39 

0.86 
1.16 
0.94 

1.09 

1.32 

i.38 

1.62 

1.24 

1.41 

1.40 

1-53 

1.84 
1.76 
1.82 

2.03 

Time  of 
Treatment 

249 min 

234 
2lJ. 
196 

226 
201 

226 
23 6 
215 

151 
156 
158 

179 

136 

176 
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Table I11 

ANALYSIS OF SOME TYPICAI, BED WSIDUES FROM DEEP BED 
DESULFURIMZON AT 1600"F, 6 Ab. ED 

U t .  of Feed, gm 430') 8601) 17202) 

1) 60 Minutes treatment time. 

2)  30 mnutes  treatment time. 

i 

H 

c 

B 

O 

S 

Ash 

0.98 0.79 0.49 

85.25 85.45 85.49 

1.09 1.00 1.11 

0.85 0.50 0. 43 

0.42 0933 0.89 

11.41 11.93 u. 59 



-131- 

I 

I 

i 

o o l n o o  
rl CJ d 
0 0 OJ m . 0  2 E % 



I n l t i a l ~ ~  Bed 
Weipht, gns 

20.8 

38.8 

60.8 

34.5 

69.5 

69.7 

107 

107 

Table V 

APPROACH To EQUILIBRIUM IN THE FZMOVAL 
OF ORGANIC SULFUR FROM DISCO CHAR 

USING 25% H2-75$ HpO FOR DESULPURIZATION AT 1600'~ 

Press.  
A m .  
AbS. 

1 

1 

1 

- 

6 

6 

6 

6 

6 

Desulf. 
!Erne 
Miins. 

81 

93 

109 

37 

22 

48 

25 

57 

Calculated 
$ H2S In  Effluent 

Hydrogen 

0.17 

0.29 

0.43 

0.12 

0.39 

0.17 

0.49 

0.25 

Residue Organic S Content $ 

Experimental E q u i l i b r i u  

0.60 0.40 

0.93 0.61 

1.01 0.79 

0.49 0.28 

0.97 0.76 

0.54 0.40 

0.95 0.86 

0.58 0.54 
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FlEuR€ 3 
TOTAL INM- DATA A B ( W R I M  UC 

0 02 08 I 2  16 2 0  
W T 1 9 N 5 M  



FlouRE7 
SHALLOW BED DESWURIZATK)N OF 

MOWTOUR-IO CHAR 

. 



\ 

FloIllEo 
B W U R  ELIMINATION Q THREE 

DIFFERENT LTC CHARS 


